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Abstract

-A new technique is Iiscussed for enhancing the I
bandwidth end intensity of high frequency (>1 GHz) !
analog, spectrally broad (4O run) signals transmitted ~

through one kilometer of optical fiber. The cxistlng ;

method for bandwidth :nhanccmcnt of such a signal uses
a very narrow (ml nrn) Ciltcr between the fiber and :

detector to limit bandwidLh dcqradation due to material
dispersion. Jsing thiri metlmd, most of the available

optical intensity is rejected and lost. I
This new techni:~v replaces the narrow-band filter

with a spectral squ: I ,.cr d~vi~e w;]ich uSCS a rCflcc-

tion grating to disperse the input signal spectrum and

direct it onto a linear array of fibers. The fibers

are employed as optical delay lines. Each if; cut to

the proper length to compensate for material rtispcrbion
(at its Wdvclength) in the given lcnqth of input si:nnl

fiber. The combined output of LhC spectrally cqualizrd

array i:; then counled to the drtcctor and :ccorrted.

This technique enhances the acquired signal frequency
rrsponsc ),y climlnatinq the winy contrlbutionx 0[

natrow-btlnd filtrrs, .IIMIfilqniflc~nt]y increases the ~

signal amplitude hy utilizlnq more of the availahlc

input spectrum

Thti ufir of fibur optics i!lpla:.ma cticIgllosLicslis

amenabla to this technicluc, A pigtail of radintion

rcsirstant plnstic clnd sllicn (KS) fiber ~G located in’
the radiation field arr d Ccri~nkov rndlati.~11,.to-liqllL

trannrluccr. The plgta!l ifi conrmcted to onr kilometer

of high bandwidth qradcd-index filwir and thr hiyh b~nd-

width, fi~,ccr.rallybrwml nnd dlsl,crnccl signal crann-

mlttcrl to thv recording rrtation. The Ml~]nal flbrr 1~

connrctcd tu tho fipcct.rillequalizer for nlynnl onharlcc-
~cnt . I
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Fig. 1. Brondband Cerenkov n])cctrum through

1 km of fiber
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cquolizcr davicv whrroin thn hiqh frequency di~ller:;cd

broadband Bpcctrum is Inficrtad into a npcctroqraph. T!]o

cpnt ially rrel]arntcd wavclcn,)ths arc colloctl!d by a hori-

zontal array of aqunlizlr 1 flbcrn. Each equolir.ir]{l

fiber i~ cut in lcr)qlh rclmtlvu ro the rrnt to adjust

for Lhc maLcr]al {li~l,nr:;iut~in Lh@ orlglhal fiber, All

nlgnalrr in the coml~cr)sating fihern will therl Iw In

temporal ccLncl{l(lrlcuwith caclI othol . They .9rC nl]

incldont on tha s-ma photod@t@cLor (FLq. 2). ‘the
~caulting It}crcnscd phetodctrrtor miynnl rclntivn to ~

LIInL u~lny (IIU nlrlrllr!-filter apl,rmch lB 4 fun,’titl)l(If

iho n,,octrogr.l[,l,cfficlul,cy ●,d thr n..t,cr t~f fil,v],, ,

bnrd .
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1
The spectrograph rnuntbe efficient to be useful.

Tha Inetxument deecribed here is based on concepts
developed by Tomlinaen, Lin, and Aumiller2,3 and by
Kobayashi and 5cki.4F5 The fiber optic input radiation
is collimated by a lens onto a high efficiency replica
reflection grating (70% in the first ordcz for unpolar-
ked light at 800 nm) in Litt.rowconfiguration then re-

Zocused onto a linear array of 34 fibers by the same ;

lens (Fig. 3).
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Fig. 3. Schematic of ❑pectrogrtiph

The graLlng ueed in the initial spectrograph
Itudieshas the following specificationel

Blazrrwavalcnqth -7500 &

Blaze angle – 26*45’

Groavee per rmn - 1200

Rolativa eff~cicncy at 7500 ; - 74\ for
unpolarl.md light

AII@ar !~~SpOrSJOn (hI L~tLrOW) - 7.45 bmr ,
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Fiq. 4. Theoretical couplinq characteristic for1-rtion of the spherical aberration but introduce~
mtoral chromatiEm. The offecte of lateral chromiattsm
re denmnstratcd in Figs. 5 through 9. Figure 5

klluef.catcsthe theoretical ccntorwavelcngth codpling
offic~cncy for the fLbor array ae ● function of focal
position. The best coupling ac 791.5 nm is fsr & focnl
po~ltio~ of 77.20 am, and for 837.5 rm,a fcmal position

f 77.35 mm, tho ohcrtant and longost calc!~lntadCoca:. -

F

❑itionm.

I

●lectrograph wiih psrfect leum (focal
length 77.3 mm, array at focal point)

I
The deaigncd two.element lens corrects for a large
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Fig. 6. Theoretical coupling characteristic
for spectrograph (77.3 mm paraxial

focal position)
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Fig. 7. Theoretical coupling charnctrrlntJc
for ❑poctrograph (77.3 mm l~lraxlal

focal ponition)
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Fig. O. Theoretical coupling characteristic

for spectrograph (7;.3 mm paraxial

focal position)
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The material dispersion of Corning’s graded-index

“ibera has been measured and has been found empirically

.O follow a power law in tha 660 to 85&nm region.6

A semi-theoretical expression for material dispers~on
Ievelopccl by Wcmple could also be u~?d. 7, Integration

)f the WWCI law dquation yields :he relative arrival

:lma difference, At (psec), between two ch~nnels at
?avelcnglhs Al (rim) and A2 (rim), for a ]angth L (Jurr)of

Iignal fibor. This rclatlonsh{p is
I —-.—

I

lultiplicntion by the velocity of light in fiber

[0.02 cm/pscc) producas thn ralative differel,ca in
(r!ngth of crfualizlny fibers for ndjaccl~t channels. The

}xtrame diffcrcwo in laugth for the spuctral roglon of
Lntoremt and 1 km of in~ut filmr lb 100 cm.
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Fig. 9. Top view of spectral equalization unit

kll mounts are fastened to a 0.5-ir,ch aluminum plate

!or stability. The most sensitive adjustments are the
Irating ;:aniz qhrhling and rotation, and the fiber

:-axis for focusing.

EXPS rimental Results

The prototype spectral equalizer dcvicc has been

!abricatccl and characterized using a tungsten 10MP to

Ieasure efficiency and Ccrcnkov radintion produced in
:ho fiber by cloctrons from a lincnr nccclerator, to
Ietorminc ttlc r,ystcm rasponse of the combinod onc kilo-

mterof fiber, the spectral oqualizcr and microchanncl-
]latc-photomultiplirr detector.

I
Tho tungsteil lamp was USCCI LO dctcrminc tho

I

iverage efficiency for coupling into each filx,rin the
following way, Light h,~s coupled direclly into the
,nput fiber and the total throughput tnrough nll fibers
#an measured. Tho ill+. fiber WCIS then brukcn off nctir
.))cinput end and the throuqhpuL of tl)c short piucc wrJrJ
rnoasurrd using a l-run filter at tllc al>propriate wavu-

lenyth.

I
Using this evaluation techniqua wc me{,~urorl a mcnl(

L2”. efficiency por flbor, aa compared Lo tha thoorctlcnl

mxlmum irf approximately 5’)\. Thl& poor rotiultis
Itcrjbutecl to tha quality uf the lt!nu WIIIC)I is ,~FQ.rrcIILly

In urle, It in a photogrn;intr achrumat, ~/1.G, HO-rrm

!ocal lPfIrJ~lI,and is noL corrvctcrl for ilur, Uround

100 nrn. TIIC now two-c lcmv I)L l~i)lldc!Ii(jned fc~r tlii!l

~yulcm, wl)lcllis in fnhricnL1un, nltould Plul~tlLni)IIILlly

~r}crorrgrLhc afflclcncy.

TII,, IM-!llpyrrL(,m rc~lmli!;(,olILnl Iic(! wltl I LIIrI l]rt) to-

.YI)(I r(IIIoIl ixI,r [CII ,9 LIO-IIA,,C Al,l)ut INIISII lor:ord~wl

:lItcIu(JII ; km of OIILIC,I1 fi),l~l , n IIINHCI III] IWIII, I1 ir. vI II)(I
Iarlrr[l N(’LI (I(!tr,clo! , W(III ILJ(I I!IL(,C }’WIIM wlltl (III 01111111! [1(11,

If 12’I mV, ‘Tl)i[l comli,lr{,n WI (II 400 Ilrll,(, I’WIIPI mIil 1(1- Ic;

?L3-mV runl,l itll[l!, M!,d!)ulr(l L) II L)il(Itl A l-rllll II, II II IW-1).111,1

!{.lt cr.

I
111(. ~t)IIll! I.lIllflt ir)ll l,illrlr~u utlr.(1 fol Ilrlt lIIij 1111,

lISIII I 11~(1 ilt I 11~ ll[ll’/l’t, h’, I 111!,,11 ,1, ,(,,, l,7,1t (,1 !4),1,,11 l:,

.rl]l,llldl, (If lll(l(l\l(, illtJ !10-} ..{,, 11111!11!1 of t’ M,,( elllll(lll!l

[
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lectrons pass through an optical fiber, the Cerenkov ‘

recess produces broadband 50-psec impulses of light ,
deal for these system response measurements.

i

I

Conclusion I

~

The concept of spectral equalization has been
I

ernonstrated to enhance the signal amplitude and improve

he SpbM freqUenCy response to gi?edter than 1 GHz when

ransmitting a spectrally broad optical signal through a

ilometer of optical fiber, A prototype spectral cqual-
zer unit has been constructed that uses this concept.

,Testresults comparing the performance of this proto- :
,typewith that of the typical narrow-band optical
]:ilter showasystem time responsrehnprovernentfrom :

c
00 to 300 psec, with a factor of eight increase in
ignal amplitude. A new lens specially designed for

this application is being fabricated; it should
‘substantiallyincrease the throughput efficiency of the”

I

nit giving considerably larger signal amplitudes and
hereby increasing the eystem dynamic range.
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